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Chapter-V (Summary)

The thesis describes the phytochemical investigation of labdane diterpenoids from the rhizomes of Hedychium spicatum, synthesis of hedychenone derivatives and semi synthesis of two labdane diterpenoids from sclareol. 
The first chapter deals with the isolation and characterization of 11 compounds designated as A, B, C, D, E, F, G, H, I, J and K from the hexane extract of the rhizomes of Hedychium spicatum. Compounds A, B, C, E, I, J and K are identified as hedychenone, coronarin E, 7-hydroxy hedychenone, 6-oxo-7,11,13-labdatrien-16,15-olide, 8(12)-drimene, hedychilactone B and yunnacoronarin D. Coronarin E,  hedychilactone B and yunnacoronarin D are first time isolated from Hedychium spicatum.
Compounds D, F, G and H are new labdane diterpenes and named as 7-hydroxy hedychinal, spicatanoic acid, spicatanol and spicatanol methyl ether respectively.  
Compound D is a new furanoid labdane diterpene with molecular formula C20H24O3 (M++H, 329). The 1H and 13C NMR data of compound D showed all the features of labdane-type diterpene. The 300 MHz 1H NMR spectrum in CDCl3 displayed three quaternary methyl singlets (δ 1.14, 1.21 and 0.99), methine signals [δ 2.21 (H- 5), 3.31 (d, J = 7.0 Hz, H-9)] and olefinic methine signals [δ 5.70 (dd, J = 15.8, 9.8 Hz, H-11), 6.37 (1H, d, J = 15.8 Hz, H-12)] suggested the features of normal labdane skeleton. It also displayed a sharp singlet for one proton at δ 9.79 was assigned to an aldehyde proton (H-17). The 13C NMR spectrum displayed 20 signals. In this spectrum, signal at δ 200.74 is due to α, β-unsaturated carbonyl group and another signal at δ 194.42 is due to C=O of aldehyde (C-17) carbon atom. The DEPT experiment revealed the presence of two carbonyls (δ 194.42 and 200.74), three methyls (δ 15.59, 21.25 and 33.17), three 
methylenes (δ 17.88, 39.57 and 42.98), seven methine groups (δ 54.92, 64.37, 107.44, 123.96, 125.31, 140.49 and 143.60) and five quaternary carbon atoms excluding two carbonyls (δ 32.82, 43.87, 124.19, 137.78 and 150.24). Careful analysis of 1D and 2D NMR spectroscopic data (HSQC, HMBC, 1H-1H COSY, NOESY ) in association with IR data revealed that gross structure of compound D was closely related to yunnacoronarin D, with the exception that C-7 was linked to hydroxyl group and presence of aldehyde at C-8 instead of –CH2OH in the latter. In view of above considerations, compound D is identified as 15,16-epoxy-17-al-7,11,13(16),14-labdatetraene-6-one, a new labdane diterpene trivially named as 7-hydroxy hedychinal. 
Compound F is a new furanoid labdane diterpene with molecular formula C17H24O3 based on the molecular ion peak at m/z 277.1812 [M+H]+ in the HRESIMS spectrum. The 1H NMR and 13C NMR spectrum of compound F showed all the features of labdane-type diterpene. The 1H NMR spectrum recorded in CDCl3 displayed four quaternary methyl signals as singlets at δ 1.01 (H3-20), 1.13 (H3-18), 1.16 (H3-19), 1.79 (H3-17). It also displayed signal attributed to one methine (H-5) adjacent to the carbonyl (C-6) carbon atom at δ 2.08 (1H, s) and a characteristic doublet for one proton at δ 3.01 (d, J = 7.0 Hz) indicating the presence of methine (H-9) group adjacent to olefinic double bond. The presence of trans double bond at δ 6.94 (1H, dd, J = 15.8, 9.8 Hz.) and δ 6.01 (1H, d, J = 15.8 Hz) was suggested by the 1H NMR, and NOESY spectrum. Comparison of NMR data with that of yunnacoronarin D suggested the presence of trans double bond at C (11)/C (12) position. Further, 1H NMR spectrum also had a sharp singlet at δ 5.85 (1H, H-7) was ascribed to an olefinic proton adjacent to the carbonyl carbon and a partially overlapped multiplets due to the three methylenes between δ 1.52 and 1.22.  
The 13C NMR spectrum of compound F showed the presence of 17 carbon atoms and were further classified by DEPT experiment into the categories of four methyls (δ 15.83, 21.61, 22.95 and 33.75), three methylenes (δ 18.18, 40.20 and 43.04), five methine groups (δ 61.77, 63.33, 125.56, 128.60 and 148.24) and five quaternary carbon atoms including two carbonyls (δ 199.50 and δ 170.33). The signal at δ 199.50 is due to α, β-unsaturated C=O at C-6 and another signal at δ 170.33 is due to C=O of carboxylic acid (C-13). The major portion of the labdane skeleton frame work was assembled through the interpretation of HSQC, COSY, HMBC and NOESY correlations. Based on these data, compound F was identified as 14,15,16-trinor-7,11-labdadien-13-oic acid, a new labdane diterpene trivially named as spicatanoic acid. 
Compound G is a new furanoid labdane diterpene with molecular formula C20H26O4 by HRESIMS, which provided a molecular ion peak at m/z 353.1737 (M++Na), in conjunction with its 13C NMR spectrum, which displayed 20 resonances. The 1H NMR spectrum in CDCl3 indicated the presence of four quaternary methyl singlets at δ 0.98, 1.11, 1.18 and 1.80. It has displayed a signals attributed to one oxygen-bearing methine at δ 6.28 (s, H-16) and trans- double bond at δ 6.42 (1H, dd, J = 15.8, 9.8 Hz), δ 5.91 (1H, d, J = 15.8 Hz). It also had two singlets (each 1H) from a deshield shifted methine at δ 5.88 (H-7) and upshield shifted methine at δ 2.10 (H-5), and a partially overlapped multiplets due to the three methylenes between δ 1.26 and 1.61. Another sharp singlet integrating for one proton at δ 6.28 (1H, s) is assigned to the hydroxyl group attached methine (C-16) group in the lactone ring. The presence of a characteristic doublet at δ 3.01 (d, J = 7.0 Hz, H-9) associated with the data described above was indicative of labdane class diterpene. The 13C NMR spectrum indicated the presence of α, β-unsaturated ketone (δ 199.84), trisubstituted olefin (δ 125.37 and 155.87) and four methyl signals (δ 22.01, 32.74, 16.27 and  23.09), which were supportive of a labdane skeleton. Further, it also displayed a signal at δ 173.11 due to C = O of lactone ring and at δ 97.91 assignable to oxymethine carbon. A DEPT experiment permitted differentiation of the 20 resonances into four methyls, three methylenes, seven methines (one oxymethine) and six quaternary carbons (two carbonyls). Analysis of 1D and 2D NMR spectroscopic data (HSQC, HMBC, 1H-1H COSY, NOESY) in association with IR data revealed that of compound G is a new labdane diterpene, identified as 16-hydroxy- 6-oxo-labda (7,11,13)-trien-16,15-olide, trivially named as spicatanol. 
Compound H was obtained as an optically active colourless oil with []D25  + 15.41 (c=1.24, CHCl3). The molecular formula of H was determined as C21H28O4 by HRESIMS [m/z 345.2052, (M++H)], in conjunction with its 13C NMR spectrum, which displayed 21 resonances. In the mass spectrum observed an increase of 14 mass compared with that of compound G. It’s IR, 1H- and 13C NMR spectra were similar to those of compound G. 1H NMR spectrum indicated exceptionally the presence of methoxy group at δ 3.86 (3H, s) which was also confirmed by 13C NMR (DEPT) (δ 57.79). A DEPT experiment permitted differentiation of the 21 resonances into five methyls (one allylic methyl, methoxy methyl), three methylenes, seven methines (one oxymethine) and six quaternary carbons (two carbonyls). In addition, relative configuration of compound H was determined from the analysis of the 2D NMR (HSQC, HMBC, COSY and NOESY) spectral data. Thus, compound H is identified as 16-methoxy-6-oxo–labda (7,11,13)trien-16,15-olide, a new labdane diterpene trivially named as spicatanol methyl ether. 
The second chapter also deals with the isolation and characterization of 6 compounds designated as A, B, C, D, E and F from the chloroform extract of the rhizomes of Hedychium spicatum. Compounds A, B, D and F are identified as labda-8(17),11,13-trien- 16-olide, cryptomeridiol, yunnacoronarin A and hedychilactone A. All these are first time isolated from Hedychium spicatum. Compounds C and E are new labdane diterpenes and named as hedychialactone D and 9-hydroxy hedychenone respectively.
         Compound C was isolated as a yellow semi solid with the positive optical rotation []D25 +98.64 (c=1.64, CHCl3). The HRESI-MS of compound C revealed a molecular ion peak corresponding to (M++H) at m/z 331.142 indicating the molecular formula C20H26O4. The 1H NMR spectrum of compound C showed all the features of labdane diterpene. The 1H NMR spectrum displayed four quaternary methyl signals each integrating for three protons as singlets at δ 0.97, 1.16, 1.19 and 1.81. It has displayed a singlet at δ 2.09 for one proton (H-5) indicating the presence of one methine adjacent to the carbonyl (C-6) carbon atom. A sharp singlet integrated for 1 H at δ 5.88 is due to methine proton (H-14) in the lactone ring. A characteristic doublet for one proton at δ 2.94 (d, J = 7.0 Hz) indicating the presence of methine (H-9) group adjacent to olefinic double bond. The presence of one trans double bond at δ 6.73 (1H, dd, J = 15.8, 9.8 Hz) and δ 6.28 (1H, d, J = 15.8 Hz) was suggested by the 1H NMR, and NOESY spectrum. And Comparison of NMR data with that of yunnacoronarin D indicates the presence of trans double bond at C-11/C-12 position. Another sharp singlet integrated for two protons at δ 4.83 (2H, s) is assigned to CH2 group in the lactone ring. Furthermore, the 1H NMR spectrum also revealing that the trans double bond (C-11/C-12) is conjugated with lactone ring. The 13C NMR spectrum of compound C showed the presence of 20 C-atoms. The DEPT experiment indicated the presence of four methyls, four CH2, five CH groups, and seven quaternary Carbons. The 13C NMR spectrum of compound C also showed all the features of labdane diterpene. The 13C NMR spectrum indicated the presence of α, β-unsaturated ketone (δ 199.65), trisubstituted olefin (δ 143.86 and 156.10) and four methyl signals (δ 22.91, 33.57, 15.79 and 21.65). Further, it also displayed signal at δ 172.11 is due to C=O of lactone ring, δ 128.83, 128.27 are corresponding to disubstituted olefin, and δ 69.71 is assignable to methylene carbon in the lactone ring. The major portion of the labdane skeleton frame work was assembled through the interpretation of HSQC, HMBC, COSY and NOESY correlations. Based on these data, compound C is identified as 7-hydroxy, 6-oxo-7, 11, 13-labdatrien-16, 15-olide, a new labdane type diterpenoid named hedychialactone D.
Compound E was isolated as a pale yellow viscous liquid, with positive optical rotation []D +96.9 (c=1.28, CHCl3). The HRESI-MS of compound E revealed a molecular ion peak corresponding to (M++H) at m/z 315.121 indicating the molecular formula C20H26O3. The  1H NMR and 13C NMR spectroscopic data of the compound E indicated labdane skeleton, which is similar to that of compound C; both have α,β-unsaturated ketone (199.65 in compound C, 199.88 in compound E)  and double bond (δ 134.62, 123.24 in C ; δ 121.25, 128.39 in E) directly attached to the dacalin nucleus. The principal difference in 1D NMR spectra of compound E was that with the replacement of lactone ring with furan. In 13C NMR, DEPT and HSQC experiments δ 78.17 indicates hydroxy bearing carbon atom at C-9. In addition, relative configuration of compound E was determined from the analysis of the 2D NMR spectral data. Thus, compound E is identified as 9-hydroxy-15,16-epoxy-7,11,13(16)14-labdatetraen-6-one, another new labdane type diterpenoid named 9-hydroxy hedychenone.  
 The third chapter deals with the synthesis and biological evaluation of hedychenone derivatives. Hedychenone is the lead compound from the hexane extract of rhizomes of Hedychium spicatum. Hedychenone has shown significant α–glucosidase inhibitory and cytotoxic activity. To enhance the activity (α–glucosidase inhibitory, DPPH scavenging and cytotoxic activity) of hedychenone, we have modified some pharmacophores in hedychenone and prepared different analogues. The structure of hedychenone contains (a) α,β-unsaturated furan moiety, (b) allylic methyl at C-17, (c) two olefinic double bond ∆7(8) and ∆11(12) bonds and (d) α,β- unsaturated carbonyl group at C-6 pharmacophores. In this study, by modifying the above mentioned pharmacophoric moieties we have synthesized different analogues. Hedychenone was found to possess good activity against all the tested cell lines with IC50 values ranging from 8.20 to 33.12 µg/mL. Among all the derivatives of hydychenone, the dimerized product (4f) has shown more potent activity compared with hedychenone.
 The fourth chapter deals with the semi synthesis of two labdane diterpenes coronarin E and labda-8(17),11,13-trien-16-olide from sclareol, which is readily and commercially available. The sclareol is first converted to sclareolide, the coupling of sclareolide with bromofuran followed by dehydration, reduction and again dehydration gave coronarin E. We have chosen this synthesis, to enhance the yield of coronarin E and labda-8(17),11,13-trien-16-olide from sclareol. Further these two compounds will be synthesized in large scale to prepare various analogues by modifying different pharmacophoric moieties.
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